Background An association between fibromyalgia and hepatitis C virus (HCV) has been previously described. However, the relationship between nonalcoholic steatohepatitis (NASH) and fibromyalgia symptoms has not been assessed, though they share several risk factors. Aim We aimed to assess the factors associated with fibromyalgia symptoms across etiologies of liver disease.
Introduction
Fibromyalgia is characterized by a cluster of symptoms including widespread pain and mood and sleep symptoms.
Central sensitization, whereby the central nervous system becomes increasingly responsive to a relatively benign stimulus, is thought to underlie this chronic widespread pain [1, 2] . Fibromyalgia is present in approximately 4 % of the US population and significantly contributes to functional impairment and disability [3] . The pathogenesis of fibromyalgia remains poorly understood. Reports of a higher-than-expected prevalence of fibromyalgia in patients with hepatitis C virus (HCV) compared with healthy controls (19 vs. 5 %) have raised the possibility of a virally mediated pathway to illness [4] . However, the relationship between HCV and fibromyalgia has remained challenging to elucidate due largely to differences in methodology across studies [5] . The currently available data do not convincingly show that it is HCV, rather than the presence of an underlying liver disease with associated psychological symptoms and sleep disturbance, that functions as a risk factor for fibromyalgia.
There are several reasons to think that fibromyalgia symptoms would be associated with a variety of liver diseases beyond HCV. Sleep disorders, psychiatric disease, and elevated levels of inflammatory cytokines are associated with both fibromyalgia and cirrhosis. Disordered sleep is a hallmark of both hepatic encephalopathy and fibromyalgia, with sleep disturbances thought to predispose people to more severe pain [6, 7] . Mood disorders that have been linked to fibromyalgia [8] are common in cirrhosis [9] . The role of inflammation remains unclear in fibromyalgia, but pro-inflammatory cytokines have been elevated in some studies [10] . Similarly, nonalcoholic steatohepatitis (NASH) [11] , alcohol-related liver disease [12] [13] [14] , and HCV [15] have all been associated with elevations in pro-inflammatory cytokines compared with controls. Despite the important overlap in potential disease mechanisms, no study has examined the prevalence of fibromyalgia in a large and more heterogeneous cohort of patients with advanced liver disease, controlling for these important variables.
The current data support a critical role for central sensitization in the development of fibromyalgia. In this model, the processing of peripheral pain is amplified by the central nervous system via excitatory amino acids, substance P, and neurotrophins, and abnormalities of the autonomic nervous system and neuroendocrine axis along with negative affect participate in this amplification [16] . A recent study demonstrated that localized pain was among the strongest predictors of subsequent widespread pain, indicating a possible central mechanism [17] . We have previously found that pain, particularly abdominal pain, is common in patients with chronic liver disease and may increase as liver disease advances [18] . The pain that is common in cirrhosis may predispose to fibromyalgia symptoms.
Thus, the aims of this investigation were to: (1) determine the prevalence of fibromyalgia using a validated diagnostic instrument in patients with three different etiologies for liver cirrhosis; and (2) investigate clinical correlates of fibromyalgia in the total sample. We hypothesized that psychiatric and sleep symptoms along with chronic abdominal pain, rather than HCV viral factors, would be associated with fibromyalgia in patients with cirrhosis.
Materials and Methods

Study Design and Cohort Definitions
This cross-sectional survey was approved by the institutional review board of the University of Pittsburgh. As described previously [19] patients seen in the Center for Liver Diseases between January 2013 and March 2013 were recruited if they were at least 18 years of age. Outpatients of varying disease etiologies and stages are seen in the clinic. Given that they are the most prevalent etiologies of cirrhosis, we recruited patients with cirrhosis due to alcohol (ETOH), hepatitis C virus (HCV), or nonalcoholic steatohepatitis (NASH). Eligibility was assessed prior to their clinic visit and was based on a review of the electronic medical record. The determination of cirrhosis was made using the hepatologists' notes and confirmed with blood work, imaging, and histology when available. Considering the effects on key endpoints, we excluded patients who were on interferon or had known inflammatory conditions (e.g., rheumatoid arthritis or multiple sclerosis). In addition, cancer (including hepatocellular carcinoma), overt hepatic encephalopathy, or prior organ transplant functioned as exclusion criteria. After recruitment and signing informed consent, participants filled out a battery of instruments (see self-report measures below) and provided blood for analyses.
Instruments and Measures
Medical Record Review
Relevant disease-specific parameters were then abstracted from the electronic medical record; these variables included disease severity, captured by the Model for End-Stage Liver Disease (MELD) score. Current medications were obtained from the charts and confirmed with participants. We assessed the use of prescription opioids, selective serotonin reuptake inhibitors (SSRIs), and selective serotonin and norepinephrine reuptake inhibitors (SNRIs). SSRI and SNRI medications were assessed separately because SNRIs are thought to have effects on pain and particularly on fibromyalgia, while SSRIs are not. Viral clearance of HCV was assessed.
Self-Report Items and Instruments
Patients were asked to self-report demographic information. The Hospital Anxiety and Depression Score (HADS) [20, 21] was designed to quantify symptoms of depression and anxiety. The scale for both depression and anxiety ranges from 0 to 21 and can be used continuous scale. When used with a cut-point of [7/21 for anxiety or depression the sensitivity ranges from 0.83 to 0.90, with a specificity of 0.78 to 0.79 [21] . This instrument was chosen because it does not include items related to physical, neurovegetative symptoms such as fatigue, energy, sleep, or pain. Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) [22] , which has been validated in a population with fibromyalgia [23] . Scores on the PSQI range from 0 to 21, and when a score of 5 is used as a cutoff, the PSQI has a 90 % sensitivity and 87 % specificity for identifying sleep-disordered patients [24] . Abdominal pain was deemed present if patients reported having abdominal location of pain on the McGill Pain Questionnaire (MPQ) [25] . We defined fibromyalgia using the modified 2010 American College of Rheumatology Diagnostic Criteria for Fibromyalgia (ACR 2010) [26] , which has been designed and validated as a self-reported method for measuring fibromyalgia in a population with chronic pain. It has been recommended for use in a primary care setting using a cutoff of C13 with a sensitivity of 93.1 % and specificity of 91.7 % [27] . The burden of comorbid disease was quantified using the Charlson Comorbidity Index [28] .
Pro-inflammatory Biomarkers
Systemic inflammatory response was assessed based on a commercially available luminex assay that quantified several important pro-inflammatory markers associated with pain, disturbances in sleep, and depression including C-reactive protein (CRP), IL-1b, IL-6, IL-8, and tumor necrosis factor alpha (TNF-a). Samples were obtained as part of the routine blood draws and processed, plated, and run in a standard fashion [29] . Standard control samples were run with each plate.
Statistical Analysis
The R statistical program (version 2.15.2) was used for data analysis [30] . Proportions of fibromyalgia were compared by etiology of liver disease using Chi-square testing. Baseline characteristics were compared for patients who did and did not meet fibromyalgia criteria using Student's t and Fisher's exact tests for continuous data and Chi-square tests for categorical data. Potential covariates included demographic variables, disease-related variables (MELD and complications and etiologies of cirrhosis), and psychiatric symptoms. Cytokine levels were compared using Wilcoxon rank-sum tests. Pairwise comparisons were made for fibromyalgia prevalence by etiology of liver disease using a Pearson's Chi-squared test. Variables with a p value of \0.2 in univariate testing (other than medications) were entered into an automated logistic regression model using AIC optimization to come to a final parsimonious model of factors significantly and independently associated with fibromyalgia. Multi-level variables in the final model were compared with the baseline in a pairwise fashion using p values corrected with a Holm-Bonferroni correction if the p for the overall variable was significant. The PSQI and HADS scores were entered into multivariable analyses as continuous variables. Logistic regression models were completed with and without inclusion of abdominal pain, as defined by circling this location on the body map portion of the MPQ. Subsequently, the subgroup of patients with HCV was evaluated to determine the role of viral clearance on the presence of fibromyalgia. In order to assess the predictors of widespread pain without the elements of fatigue and depressive symptoms in the fibromyalgia scale, negative binomial regression models were made to look at the number of locations of pain from the ACR 2010. Models were made first without then with abdominal pain included and then with an interaction term between HADS score and abdominal pain. All models were checked for multicollinearity using a pre-specified variance inflation factor [5.
Results
A total of 1,551 patients were scheduled to be seen at the Center for Liver Diseases over the 3-month period of recruitment. Out of this pool, 326 were eligible and came to their appointments, 192 were new patients, 658 were noncirrhotic, 174 had other etiologies of liver disease, 40 had cancer, 23 were on interferon, 11 had other inflammatory diseases (e.g., acute alcoholic hepatitis, psoriatic arthritis, pancreatitis), 11 had undergone prior hepatic transplantation, and 7 were ineligible for other reasons (e.g., nonEnglish speaking). Subsequently, 109 did not come to their scheduled appointments. Of the 326 possible subjects, 210 participants were recruited, 193 people making up the final cohort after 17 were excluded after consent because they were found later to meet exclusion criteria (9 with pancreatobiliary disease on imaging, 5 with cancer, and 1 each with multiple sclerosis, encephalitis, and failure to complete research surveys). The average age was of the sample was 58 ± 9 years, 77 (40 %) were women, and the mean MELD score was 12.3 ± 5.0. Among participants, HCV was the most common etiology (N = 78), followed by nonalcoholic steatohepatitis (NASH; N = 66), and alcohol-related liver disease (ETOH; N = 49).
The overall point prevalence of fibromyalgia as operationally defined for the study was 27 % (Table 1) . Patients with fibromyalgia were significantly younger and had increased abdominal pain and psychiatric and sleep symptoms. There were no significant differences in MELD or overall comorbidity levels by fibromyalgia status. The prevalence of meeting fibromyalgia criteria differed between etiologies of liver disease with significantly lower rates in ETOH patients (Fig. 1) . Those participants who met fibromyalgia criteria were significantly more likely to be taking prescription opioids or SSRI, but not SNRI antidepressant medications (Table 1) .
We examined whether inflammation was associated with fibromyalgia but found no statistically significant differences (Table 2) . Table 3 shows the final multivariable logistic regression for predictors of fibromyalgia symptoms in total sample of patients with cirrhosis. The most important factors were the mood and sleep symptoms. Etiology was also significant in the final model. NASH and HCV had the same association with fibromyalgia, while with alcohol-related disease had less. When abdominal pain was included in the model, it was a strong predictor of fibromyalgia. Interestingly, the overall etiology variable became nonsignificant in this model, though still with a trend toward significance. When we assessed a potential interaction between HADS score and abdominal pain, this was nonsignificant.
In order to assess the predictors of fibromyalgia symptoms without the associated fatigue and depression in the fibromyalgia score, models were made using negative binomial regression looking at the predictors of the number of locations of pain in the body (Table 4) . Other than age becoming nonsignificant, the other findings were stable. However, the etiology remained significant in all models, with patients with alcohol-related liver disease having significantly less locations of pain than those with HCV or NASH. An interaction term between the HADS score and abdominal pain was significant in this model. We also assessed how taking psychological symptoms out of the pool of potential predictors would affect the results and the predictors were otherwise the same. As a secondary analysis, we assessed whether active viremia in patients with HCV (vs. those who had successfully cleared the HCV) affected pain, and there was no association in uni-or multivariable models. There was no evidence of multicollinearity in any of the models (VIF \ 2).
Discussion
Consistent with prior investigations of patients with HCV
[4], we identified a high prevalence of fibromyalgia in patients with cirrhosis, affecting nearly one-third of our large patient cohort. However, our data also provide new and important insights. First, widespread chronic pain meeting criteria for fibromyalgia was not limited to HCV, but also affected patients with other underlying causes of liver disease. Second, in HCV-infected individuals, viremia was not associated with widespread pain. Third, NASH and HCV had a comparable prevalence of fibromyalgia. Taking together with the fact that mood disorders and sleep disturbances were the best independent predictors of fibromyalgia in our cohort, this suggests that central sensitization rather than inflammatory or viral processes plays a key role in this common comorbitity. The role of pro-inflammatory cytokines in fibromyalgia remains unclear, likely related to differences in measurement techniques. For example, monocyte cytokine evaluation from supernatants has been proposed as a more reliable marker than serum cytokine measurement [31] [32] [33] [34] [35] . Other investigators advocate the use of chemokines, which were not measured in this study, as the best markers for inflammation related to fibromyalgia [33] . The current study design also cannot differentiate subtle inflammation related to fibromyalgia from that associated with liver disease itself. Despite these caveats, we did not find fibromyalgia to be related to inflammatory markers. This Three models were made using negative binomial regression to explore the predictors of the number of locations of pain among patients with cirrhosis. One model did not include abdominal pain, one model included abdominal pain, and the third included an interaction term between psychiatric symptoms and abdominal pain Bold values are statistically significant (p \ 0.05) study leaves open the possibility that widespread pain in cirrhosis is related to changes in the central processing of pain, which could be potentially related to opioid-related hyperalgesia or possibly modulated by the changes in the hypothalamic-pituitary-adrenal axis [31] . Lower cortisol levels have been associated with decreased pain thresholds and increased functional pain [36] [37] [38] . In addition, adrenal insufficiency is not uncommon in cirrhosis [39, 40] . We did not measure cortisol levels in our study and can thus not address the potential correlation between liver disease, adrenal function, and fibromyalgia symptoms in this population.
While we noted some difference in the prevalence of widespread pain by etiology of liver disease, these differences became less pronounced when we controlled for abdominal pain. We had previously demonstrated high rates of abdominal pain in patients with chronic liver disease, which was at least in part dependent on disease severity [18] . The relative homogeneity of MELD scores in this study likely explains the disparity. Our study design does not enable us to identify causes of abdominal pain and place them into a potential conceptual framework for the development of fibromyalgia. However, it is unlikely that this symptom is simply a manifestation of fibromyalgia, as about one-third of the patients without more widespread pain had at least some abdominal pain. Considering current thinking about mechanisms of central sensitization, it is possible that abdominal pain plays an important triggering role, leading to hypervigilance and progressive spread of pain-related complaints in susceptible individuals. Abdominal pain was found in 36 % of those without a history of ascites, 56 % of those with active ascites on exam, and 44 % of participants with a history of ascites that had been controlled with diet or medications and was not present at the time of the survey. Ascites and abdominal pain were not significantly associated (p = 0.17), but this may have been partially related to the small number of participants with large ascites at the time of enrollment. Ascites was not significantly associated with fibromyalgia or widespread pain in the models. Larger studies with longitudinal design will be needed to more conclusively address the roles of ascites and abdominal pain in triggering widespread pain.
While all subgroups in our cohort had a higher prevalence of fibromyalgia compared with healthy controls in other studies, we certainly saw higher numbers in NASH and HCV. Inflammatory activity with elevation of chemokines and cytokines characterizes NASH and contributes to the progression to cirrhosis [41] . While conceptually appealing, the missing correlation between biomarkers of inflammation and pain argues against this explanation. Alternatively, our findings may reflect the known association between obesity and fibromyalgia [42, 43] . Obesity as defined by the body mass index (BMI) was abstracted from the chart, but is notoriously unreliable in patients with cirrhosis given the third spacing of fluids and ascites. However, BMI was significantly associated with NASH cirrhosis and may serve as a link between NASH and fibromyalgia. This study challenges the idea that HCV mediates pain through viral factors given that participants with active viremia were not more likely to meet fibromyalgia criteria than participants with HCV and viral clearance. Additionally, our data also raise questions about the presumed close relationship between fibromyalgia and HCV, which has been seen or even labeled as entity by some [4] . The participants with alcohol-related liver disease were the least likely to meet criteria for fibromyalgia. This finding requires further evaluation, as the relationship between alcohol use and pain has yet to be fully elucidated. However, some have posited that alcohol's modulation of gamma aminobutyric acid (GABA) transmission makes it a candidate therapy for fibromyalgia [44] .
Consistent with the known link between affect, pain, and opioid use [18, 45] , participants who met criteria for fibromyalgia and had ongoing pain were more likely to be on opioids. Despite analgesic therapy, chronic opioid users still described ongoing symptoms. While we may see this as an indication of the limited effectiveness of opioids in benign disorders characterized by pain [46] , we can certainly not exclude skewing of data with more severely affected individuals receiving opioids but only experiencing a limited benefit. A better understanding of this complex relationship is especially important in patients with cirrhosis, given an association of these agents with worsening encephalopathy [47] . Of note, SNRIs use was uncommon in this population, though this is an accepted treatment for fibromyalgia-associated pain [48] . SNRIs, along with exercise and cognitive behavioral therapy, may be a possible intervention for patients with cirrhosis who meet fibromyalgia criteria.
Despite recruiting a large patient cohort and using a complex assessment, the study has several limitations. We only focused on patients with liver disease and did not include a disease control group. However, the prevalence of fibromyalgia symptoms in the general population is well established [3] , and the alcohol group served as a type of disease control group. Moreover, the absolute prevalence is not as important as the fact that we established that NASH is as strongly associated with fibromyalgia symptoms as is HCV. While we did not assess for minimal hepatic encephalopathy, which could have confounded our findings, the majority of subjects were on treatment for a history of encephalopathy and we found no association between history of encephalopathy and fibromyalgia symptoms, HADS, or PSQI score. Also, we relied on a validated survey tool to define the presence or absence of fibromyalgia and did not confirm our findings independently with rheumatologic assessments. While prior publications demonstrated a high sensitivity and specificity for the ACR 2010, it has not been independently validated in patients with chronic and advanced liver disease. Circumstantial evidence supports that we were measuring fibromyalgia in that fibromyalgia in this study was associated with psychiatric and sleep symptoms, younger age, and female gender, which are established as associated with fibromyalgia in the literature. Additionally, the ACR 2010 yielded similar rates of fibromyalgia in the HCV group as did prior studies with the ACR 1990 [4] , which further validates our findings. It is, however, notable that we used this in all-comers and not just those in whom we suspected fibromyalgia.
In conclusion, this study demonstrates the high burden of chronic widespread pain among patients with cirrhosis. In part, this is related to sleep and psychiatric symptoms as well as chronic abdominal pain, possibly suggesting central sensitization as a mechanism. While more studies are needed to better understand underlying mechanisms and evaluate therapeutic approaches, concerns about detrimental effects of opioids together with our findings and evidence-based management strategies in fibromyalgia give at least some guidelines for alternative treatments in patients with liver disease.
